Introduction
Serpentinites are metamorphic rocks that are produced by low grade metamorphism or hydrothermal alteration of ultramafic igneous rocks. They have been used for many centuries in the construction of major cultural and religious symbols. The serpentinization of igneous rocks is a widespread process, present in most ultramafic massifs, in which the original rock changes its mineralogical composition during phases of hydration (Moody, 1976; O´Hanley, 1996) . The process can take place through shearing and can also affect the rock partially or totally. Today serpentinites are commonly used in construction around the world in view of their attractive structures, colours and patterns, mostly in various shades of green. But they have also been utilised in monuments. The high porosity that can be present in serpentinites (up to 10% in the Appenine serpentinites (Malesani et al., 2003) can cause major problems of alteration and in durability, both indoors and outdoors, and the deterioration of the rock requires that a replacement material is quickly found. Knowledge of the composition of the rock and the provenance of the deteriorated tiles can help to preserve the exterior visual aspect of a building that has to be restored. This is vital in the case of monuments and the characterization of serpentinites should be the first step in a planned restoration of a deteriorated part of a historical building. Therefore, the importance of appropriate information on serpentinites as heritage stone resource (Cooper, 2010) .
The objectives
Serpentinite is an appealing rock, very commonly applied as dimension stone. However, not all serpentinites possess the essential properties that are necessary for use in construction. Most commercial serpentinite originates from Pakistan, India (Rajasthan Green), Italy (Verde Alpi, Verde Polcevera, Verde Prato), United States (Vermont Verde Antique), Guatemala (Verde Guatemala), Portugal (Verde Donai) and Spain (Verde Macael, Verde Pirineos). Differences in climate can lead to misbehaviour of serpentinites and in some cases historical buildings that used this kind of rock in their construction suffer from extreme deterioration. Many of these buildings can be related to local architectonic heritage and their disappearance will imply a considerable cultural lost. Learning from this negative experience is necessary to avoid the same effect with contemporary construction. Knowledge of the rock's intrinsic characteristics will help to choose a suitable replacement stone in case of restoration of monuments as well as for new construction. Besides, some serpentinites can be nominated as heritage stone resource to protect their availability for restoration of architectonic heritage.
Observations on serpentinites from Galicia (northwest Spain) Other most widespread lithologies were avoided due to the difficulties for working if they were tougher than serpentinites. In this context, serpentinites provide a practical and attractive alternative. But in some cases, results along the years have proved this to be a mistaken practice. Taking the Spanish examples, most Galician quarries were closed down many years ago, probably because of undesirable rock characteristics that were revealed when used in construction (Pereira et al., 2010 ). Now we find that buildings utilising serpentinite, either in their construction or as ornamentation, have used imported rocks from India, Pakistan or Guatemala. These products are sold under various commercial names, depending on the colour or structures, but most of them may be found in sales catalogues under the "marble" section, labelled as "Green marble". The reason for this denomination results from the high degree of mineral transformation in these rocks to carbonates; most of the serpentine is now carbonate and, from a petrographic point of view, they can be classified as transformed carbonate rocks. However, some remnants of the original assemblage of minerals can be found (i.e., olivine, pyroxene, spinel-group minerals), and the evolution of these minerals following alteration can be very different, either to serpentine, to carbonates or to talc. It is a striking feature that even where serpentinites are pervasively transformed into carbonates, they maintain their appearance in colour and structures. Serpentinite tile replacement in modern buildings can lead to misuse if the correct natural stone is not selected (Pereira et al., 2004 ). This outcome is not a severe problem in this kind of building, but it is an unacceptable result if dealing with an historical building (Malesani et al., 2003) . A detailed characterization of a natural stone can provide an unambiguous provenance for this stone, which is very important when a restoration of a major monument takes place.
Some historical buildings are deteriorating badly and soon they will need restoration or replacement. It is advised to ascertain whether it is worthwhile to use the same original natural stone and, if so, which one to use.
Learning from errors
When ultramafic rocks contain a high percentage of water, we conclude that these rocks are altered. Weathering can be due to surface exposition of the rock to meteoric fluids or fluids coming from other origins, and the process can take place in outcrop or once the rock has been emplaced for building.
The differences in mechanical response are strongly dependent on the mineralogy and the structure of the rock. The Spanish Verde Pirineos is a rock made up primarily of serpentine, cross-cut by a few veins of chrysotile and carbonate. Most of the original mineralogy [forsterite, enstatite, augite, metamorphic tremolite] has been transformed to lizardite or further into talc and/or magnesite. Other carbonates (dolomite) are found mainly in shears and veins crosscutting the fabric of the rock. These serpentinites have proved to be softer and more fragile than those that are cemented (i.e. Rajasthan Green, Verde Macael), susceptible to low values for compressive strength, and do not achieve the requirements for use as dimension stone in most of their uses. Cemented serpentinites have demonstrated to be more resistant to further alteration and do satisfy building specifications. It seems that carbonates act as an ideal cement to hold rock components together, unlike the uncarbonated samples.
However, despite the bad behaviour that this natural stone some new buildings are still using it in their construction. To prevent unexpected results in serpentinites used as building or orna-mental stone, it is recommended to pay attention to their characterization regarding mineralogy, geochemistry and geotechnical specifications. The existence of veins and brittle fractures in serpentinites, a very common feature, can lead to the disintegration of a tile. Moreover, there is high porosity in some of these rocks, which can trigger their breakdown. Unfortunately, the technical information that suppliers provide in most instances is inadequate. For some commercial serpentinites, unrealistic claims equal to the hardness of a b a b c most granites (just over 6 on the Moh's scale of hardness) have been offered in cases where constituent minerals are related to talc (hardness 1) and chlorite (hardness around 2 1/2). In this situation, stone suppliers require a thorough petrographic study to be included with sales information. A close relationship between scientists, architects and suppliers would be desirable. This report highlights the need of research on the methods of building with as well as restoration using serpentinites. Choosing carbonate-cemented serpentinites could solve some behavioural problems. As well, promoting research in reinforcements or methods of consolidation would prevent the disappearance of important cultural value like the Gandharan sculptures, originally from Peshawar Valley in Pakistan, and now displayed outdoors in southwest England (Proudfoot et al., 1988; Selwitz, 1992) . More investigations along this line are needed because the importance of preserving cultural and architectonic heritage. In this context, some of the mentioned serpentinites from Rajasthan could be designated at some future time as Global Heritage Stone Resource (Cooper, 2010) .
The conclusions of misbehaviour of some serpentinites can be applied to all natural stones, demanding their detailed study before utilisation in civil construction or restoration work.
